0 -demethoxycyclocurcumin (1), was isolated from Curcuma xanthorrhiza as an antibabesial compound, together with p-hydroxybenzaldehyde (2) and cleomiscosin A (3) from Brucea javanica and (+)-epiloliolide (4) from Excoecaria cochinchinensis. The antibabesial activities were examined in vitro, and compounds 1-4, and diminazene aceturate were studied with IC 50 values of 16.6, 7.6, 15.6, 10.0, and 0.6 g/ml, respectively.
The infection of dogs with the parasites, Babesia gibsoni and B. canis, is a worldwide problem, and in recent years, the geographic range of the infection has spread. Canine babesiosis is a tick-borne hemolytic disease of dogs caused by the intraerythrocyte apicomplexan parasites, B. gibsoni and B. canis. The disease has been found to occur frequently in companion dogs and has become a serious clinical problem in various countries. The drug, diminazene aceturate (Ganaseg), is effective against B. gibsoni infection, 1) but causes side effects such as weakness, irritability, paralysis, nonresponsiveness to stimuli, and fatal central nervous system hemorrhage. 2) There is yet no successful chemotherapy for the disease, because of the limited number of useful drugs, and the side effects and drawbacks of existing medication. 3, 4) To find a new antibabesial drug, the screening of several Indonesian medicinal plants was undertaken.
In Indonesia, Brucea javanica Merrill (Simaroubaceae), locally known as ''buah makasar,'' Curcuma xanthorrhiza Roxb (Zingiberaceae), and Excoecaria cochinchinensis Lour (Euphorbiaceae) are used as drug materials for the traditional folk-medicine, ''jamu,'' to treat malaria, dysentery, and cancer. In our previous articles, some quassinoids from B. javanica, 5, 6) and two kinds of xanthorrhizol derivatives from C. xanthorrhiza 7) were reported as antibabesial compounds. However, active fractions remained that have still to be investigated. Furthermore, the isolation of active ingredients against B. givsoni has not been done by using an extract obtained from E. cochinchinensis. In this article, data on a novel curcuminoid, 3 0 -demethoxycyclocurcumin (1), from C. xanthorrhiza together with p-hydroxybenzaldehyde (2) and cleomiscosin A (3) from B. javanica, and (+)-epiloliolide (4) from E. cochinchinensis are presented.
The extracts of B. javanica and C. xanthorrhiza demonstrated antibabesial activity as reported previously, [5] [6] [7] while the extract of E. cochinchinensis was tested for in vitro antibabesial activity 8) by assessing its ability to inhibit B. gibsoni growth for the first time, and revealing antibabesial activity as well. The purification procedure, using several silica gel column chromatographic techniques together with high-performance liquid chromatographic (HPLC) methods, yielded 3 0 -demethoxycyclocurcumin (1, 1.4 mg) from the tubers (125 g) of C. xanthorrhiza, p-hydroxybenzaldehyde (2, 2.0 mg) and cleomiscosin A (3, 4.0 mg) from the dry fruits (200 g) of B. javanica, and (+)-epiloliolide (4, 0.5 mg) from the aerial parts (400 g, dry weight) of E. cochinchinensis.
Compound 1 was isolated as an amber oil. The field desorption mass spectrometric (FD-MS) data for 1 showed a molecular ion peak at m=z 338 [M] þ , and electron ionization high resolution mass spectrometry (EI-HR-MS) indicated the molecular formula to be C 20 H 18 O 5 . The 1 H-and 13 C-NMR, distortionless enhancement by polarization transfer (DEPT), and heteronuclear multiple quantum coherence (HMQC) data showed the presence of 20 carbons of a curcuminoid skeleton, and the 1 H-NMR spectrum exhibited resonances ascribable to one methyl ( 3.82), three olefinic ( 5.50, 6.74, and 7.28), seven aromatic ( 6.82, 6.90, 7.11, 7.26, and 7.40) and nonequivalent geminal ( 2.52 and 2.89) protons, and one proton ( 5.46) attached to an oxymethine carbon. The connectivity of some protons was revealed by 1 H-1 H correlated spectroscopy (COSY) as shown in Fig. 1 (bold Note nected by a heteronuclear multiple quantum coherence (HMBC, arrows, Fig. 1 ) experiment to construct the structure of 1 (Fig. 1 ). Analyses of the 1 H-NMR, 13 C-NMR, DEPT, HMQC, and HMBC spectral data for 1 gave the total 1 H-and 13 C-assignments for 1 as given Table 1 . The deduced structure of 1 agreed well with that for the reported compound, cyclocurumin (5), 9) except for the absence of a resonance of the proton attributed to C3 0 -OMe ( 3.91). In order to reconfirm the partial structure of C3 00 -OMe of 1, a nuclear overhauser effect (NOE) experiment was carried out. The irradiation of C3 00 -OMe ( 3.82) had an effect on H-2 00 ( 7.26) (Fig. 1) . The reported data for 5 are also given in Table 1 for comparison. Since 3 0 -demethoxycyclocurcumin (1) isolated in this study was racemic, the authors initially assumed that it was an artefact formed from demethoxycurcumin 9) during an isolation process such as silica gel chromatography. To investigate this, multiple reaction monitoring (MRM) was performed by using an ultra-performance liquid chromatography (UPLC)/ tandem mass spectrometry (MS/MS) system in the positive-ion mode. The peak of authentic 1 was observed at t R ¼ 3:15 min, together with daughter ions m=z 56.48 and 272.36 derived from m=z 337.25
þ1 in the MRM analysis ( Fig. 2B and C). The crude material of the EtOAc-soluble layer obtained from the tubers of C. xanthorrhiza was dissolved with a solution of 80% aq. MeOH and passed through a C18 cartridge column to yield an 80% aq. MeOH eluate. A portion of the eluate was applied to the UPLC/MS/MS system, and the result of the MRM analysis is given in Fig. 2A . Since the corresponding daughter ion peak at m=z 56.48 derived from 3
) was observed at the same retention time (arrow, Fig. 2 ), this confirmed 1 to be a naturally occurring substance. However, in the case of examining the plant extract, the daughter ion of m=z 272.36 could not be observed, possibly because of low ionization ability of reported data. [10] [11] [12] [13] Since there was some ambiguity in the determination of the structure of cleomiscosin A (3) due to the presence of cleomiscosin B, 11) which demonstrated similar resonances in the 1 H-and 13 C-NMR data, the conversion of cleomiscosin A (3) to a di-acetate type was carried out to compare the 1 H-NMR data with those of the di-acetate type of compound of cleomiscosin B. (+)-Epiloliolide (4) was first isolated from Viburnum dilatatum Thunb (Caprifoliaceae), 13) but the isolation of 4 from E. cochinchinensis was for the first time.
The antibabesial activities for all compounds (1-4) isolated in this study were tested against B. gibsoni. Diminazene aceturate, a well-known clinical drug against B. gibsoni, was used as a positive control. Compound 2, p-hydroxybenzaldehyde, showed the highest activity (7.6 mg/ml) among the isolated compounds, although the activity was almost one-twelfth that of diminazene aceturate (0.6 mg/ml). 3 0 -Demethoxycyclocurcumin (1), cleomiscosin A (3), and (+)-epiloliolide (4) showed moderate activity of 16.6, 15.6, and 10.0 mg/ml, respectively. The recorded activities in this study were measured only once due to the limited amounts of the isolated compounds. In other studies for measuring the activity, we used diminazene aceturate as a positive control which revealed IC 50 values of 0.1, 5) 0.07, 6) 0.59, 7) and 0.6 8) mg/ml. We concluded that the values obtained in this study were correct due to the obtained IC 50 value (0.6 mg/ml) for diminazene aceturate in this experiment. In this study, no compound whose activity could overcome that of diminazene aceturate could be found. However, these findings might provide the basis for further understanding B. gibsoni infection and contribute to the development of new and effective treatments against this parasite.
Experimental
General procedure. FD-MS and EI-HR-MS data were obtained with a Jeol JMS-AX500 mass spectrometer. 1 H-and 13 C-NMR spectra were recorded on a Bruker AM-500 Fourier transform nuclear magnetic resonance (FT-NMR) instrument. Optical rotation values were determined with a Jasco DIP-370 digital polarimeter. Column chromatography was performed on silica gel 60 (spherical, 70-140 mesh ASTM, Kanto Chemical). Silica gel 60 F 254 precoated plates (Merck) were used to perform preparative TLC. Ultra performance liquid chromatography (UPLC) was performed with a Waters Acquity UPLC system equipped with a binary solvent delivery manager and a sample manager. MS was performed with a Waters Micromass Quattro Premier tandem quadrupole mass spectrometer. UPLC/MS system control was by MassLynx 4.0.
UPLC conditions. The condition for UPLC separation were as reported in the previous article.
5)
MS/MS conditions. The condition for MS were as reported in the previous article.
5 ) The MRM transitions for the analyses of 3 0 -demethoxycyclocurcumin (1) were ESI+, 337:25 > 56:48 using cone voltage 42 and collision energy 26; 337:25 > 272:36 using cone voltage 42.00 and collision energy 18.
Plant materials. The plant materials were purchased from Bandar Jaya traditional market, located in Lampung, Indonesia, in April 2005. Voucher specimens have been deposited at the Laboratory of Bioorganic Chemistry, Graduate School of Agriculture, Hokkaido University, Japan.
Extraction and isolation. Extraction and isolation of the active compounds were monitored by an assay of antibabesial activity.
8) The tubers of C. xanthorrhiza (125 g, dry weight) were extracted with 3 liters of 70% EtOH (aq.). The extract was filtered, and the volatile components were removed under reduced pressure to give a dark brown oil. To this oil, H 2 O (1 liter) was added, and the mixture was extracted with EtOAc (750 ml Â 3). The volatile components of the combined EtOAc layers were removed under reduced pressure to give a dark brown oil (19.4 g) which was subjected to silica gel (200 g) column chromatography, eluted with CHCl 3 (1 liter), MeOH-CHCl 3 (3:97, 1 liter), and MeOH-CHCl 3 (1:9, 1 liter) to give fractions A-H. The volatile components of the active fraction (Fr. F) were removed under reduced pressure to give a residue (647 mg) which was subjected to silica gel (60 g) column chromatography, eluted with n-hexane-EtOAc (2:1) to give four fractions (I-IV). The volatile components of the active fraction (Fr. III) were removed under reduced pressure to give a residue (42 mg) which was purified by HPLC (TSK gel ODS-80Ts, Tosoh, 20:0 Â 250 mm, H 2 O:MeOH = 4:6, 5.0 ml/min flow rate, A 254nm ), yielding 3 0 -demethoxycyclocurcumin (1, 1.4 mg, t R ¼ 32:7 min).
The dried fruits of B. javanica (200 g, dry weight) were extracted with 3 liters of 70% EtOH (aq.). The extract was filtered, and the volatile components were removed under reduced pressure to give a dark brown oil. To this oil, H 2 O (1 liter) was added, and the mixture was extracted with EtOAc (750 ml Â 3). The volatile components of the combined EtOAc layer were removed under reduced pressure to give a dark brown oil (4.9 g) which was subjected to silica gel (200 g) column chromatography, eluted with CHCl 3 (1 liter), MeOHCHCl 3 (5:95, 1 liter), MeOH-CHCl 3 (1:9, 1 liter), and MeOH-CHCl 3 (3:7, 1 liter) to give fractions A-G. The volatile components of the active fraction (Fr. B) were removed under reduced pressure to give a residue (1.1 g), which was subjected to silica gel (100 g) column chromatography, eluted with MeOH-CHCl 3 (3:97, 500 ml), MeOH-CHCl 3 (5:95, 500 ml), and MeOHCHCl 3 (3:7, 500 ml) to give five fractions BI-BV. The volatile components of one active fraction (Fr. BIII) were removed under reduced pressure to give a residue (18.7 mg), which was purified by HPLC (Mightysil RP-18 Aqua, Kanto Chemical, 10:0 Â 250 mm, H 2 O:MeOH = 7:3, 2.5 ml/min flow rate, A 254nm ), yielding p-hydroxybenzaldehyde (2, 2.0 mg, t R ¼ 19:5 mm). The volatile components of the other active fraction (Fr. BIV) were removed under reduced pressure to give a residue (60 mg), which was purified by HPLC (Inertsill PREP-ODS, 20:0 Â 250 mm, GL Sciences, H 2 O:MeOH = 6:4, 7 ml/min flow rate, A 254nm ), yielding cleomincosin (3, 4.0 mg, t R ¼ 54:2 min).
The aerial parts of E. cochinchinenisis (400 g, dry weight) were extracted with 3 liters of aq. 70% EtOH. The extract was filtered, and the volatile components were removed under reduced pressure to give a dark brown oil. To this oil, H 2 O (1 liter) was added, and the mixture was extracted with EtOAc (750 ml Â 3). The volatile components of the combined EtOAc layer were removed under reduced pressure to give a dark brown oil (12.6 g), which was subjected to silica gel (200 g) column chromatography eluted with CHCl 3 (1 liter), MeOH-CHCl 3 (3:97, 1 liter), MeOH-CHCl 3 (1:9, 1 liter), and MeOH-CHCl 3 (3:7, 1 liter) to give fractions A-G. The volatile components of the active fraction (Fr. C) were removed under reduced pressure to give a residue (73.2 mg), which was subjected to silica gel (50 g) column chromatography, eluted with MeOHCHCl 3 (7:93) to give fractions I-V. The volatile components of the active fraction (Fr. II) were removed under reduced pressure to give a residue (27 mg), which was purified by HPLC (Capcell Pak C-18, Shiseido, 15:0 Â 250 mm, H 2 O:MeOH = 55:45, 2.5 ml/min flow rate, A 254nm ), yielding (+)-epiloliolide (4, 0.5 mg, t R ¼ 17:5 min). Table 1 .
Extraction for the MRM experiment. Tubers of C. xanthorrhiza (1 g, dry weight) from the market were extracted with 80% aq. MeOH. The resulting 80% aq. MeOH layer was filtered to yield a dark brown solution which was evaporated and extracted with EtOAc to yield aqueous and EtOAc layers. The volatile components of the EtOAc layer were removed under reduced pressure, and the residue was dissolved with 2 ml of 80% aq. MeOH and loaded into a cartridge column of Bond Elut C 18 (Varian). The column was washed with 80% aq. MeOH (2 ml Â 2). The volatile components of the aq. MeOH eluates were removed, and a portion of the residue was subjected to the UPLC/MS/MS experiment.
Antibabesial assay. The in vitro assay against B. gibsoni has been given in detail in a previous article. 8) In this study, diminazene aceturate (Ganaseg) was used as a positive control.
